Abstract: Strong primary care is in urgent need for the management and control of hypertension. This study aimed to compare the quality of hypertensive care delivered by community health centers (CHCs) in Shanghai and Shenzhen.
INTRODUCTION

H
ypertension is an important public health issue faced by policymakers in China. The prevalence of hypertension has increased sharply in the Chinese population, reaching a rate of 34% in 2010. 1 Hypertension is the biggest contributor to cardiovascular diseases such as stroke and coronary heart diseases. 2, 3 It is estimated that about 50% of deaths in the Chinese population are attributable to prehypertension and hypertension. 4 With the complexity of hypertension and the frequent involvement of >1 care provider and institution underlie the importance of primary care. 5, 6 The 2008 World Health Organization report clearly affirmed the central role of primary care in coping with the challenges arising from chronic diseases like hypertension. 7 In urban China, community health centers (CHCs) are major primary care providers. Chronic disease management is designed to be 1 of the 6 integrated health services provided by CHCs. According to hypertension management guidelines, CHCs should establish health records for hypertensive patients. 8 Patients are classified into different management groups, based on their blood pressure (BP) levels and coexisting cardiovascular risk factors. Patients need to be monitored regularly on the basis of their category of disease profiles. Lifestyle modification should be proposed to all hypertensive patients, whereas drug treatment is usually initiated in patients with persistent, suboptimally controlled BP (ie, !140/90 mm Hg). Through this strategy, it is hoped to minimize the adverse effects of hypertension.
Due to the socioeconomic variations in different urban regions, the local implementation of community-based primary care has led to the emergence of the 2 major models of CHCs, that is, government-managed CHCs (G-CHCs) and hospitalmanaged CHCs (H-CHCs), together accounting for about 86% of all CHCs. Shanghai and Shenzhen are 2 top-tier economically developed metropolitan cities in China, and also leaders in primary care development. CHCs in Shanghai are governmentmanaged, which are independent entities from the public hospitals, and funded fully and managed directly by the government, whereas the CHCs in Shenzhen are hospital-managed, being established and managed directly by public hospitals as a department (Box 1).
International studies have examined different segments of hypertensive care, including initial screening, diagnosis, treatment, case follow-up, and BP control. [9] [10] [11] However, in China, most of the existing literature that assesses the quality of hypertension care covers only BP control. To the best of our knowledge, there are few studies that investigated the contribution of regular follow-up, pharmacological, and nonpharmacological therapies in the management of hypertension. 12, 13 Part of the rationale is the weak evidence for improvement in the quality of hypertensive care. Using comprehensive quality indicators, this study aimed to compare the quality of hypertensive care between CHCs in Shanghai and Shenzhen that covering both process and outcome indicators. A quality comparison between different primary care implementations in different local contexts-Shanghai and Shenzhen, which are leading sites of primary care development in China-can provide valuable feedbacks, which other cities can use as benchmarks to assess their own quality of hypertension management.
METHODS
Study Settings
This is a cohort study conducted in Shanghai and Shenzhen. Employing multistage random sampling methods, we chose CHCs as study settings. In each city, 4 urban districts were first randomly selected in each geographical part of the city, that is, Jing'an, Changning, Xuhui, and Pudong in Shanghai, and Futian, Luohu, Bao'an, and Longgang in Shenzhen. In the second stage, we selected 1 CHC in each randomly drawn district by simple random sampling. In total, 8 CHCs were selected.
Data Sources
We used data from the electronic information system, which is a large database of routine hypertensive patient management records. Hypertensive patients managed by CHCs were either detected by health examinations or during outpatient consultations. Patients under management were assigned into different management categories based on their BP levels and risk factor profile. Lifestyle consultations and drug treatments were initiated when appropriate. Follow-up was conducted through patients' CHC visits, or home visits by CHC staff when the patient did not show up in CHCs. In each individual follow-up, information on drug prescriptions, lifestyle modifications, and BP values were input into the information system by primary care providers as part of routine practice. BP was measured by mercury sphygmomanometers according to the protocol recommended by the national guidelines for hypertension management. The database also contains records of patient characteristics such as sex, age, height, weight, and smoking status. The data provided a longitudinal record of hypertensive patients' management with information on the process of service delivery and intermediate outcomes (ie, BP control) of care. It documented the hypertension management system under which hypertensive care was delivered in the real world setting. Thus, the implications were such that any measurement of variation in performance illustrated via quality indicators was more likely to be attributable to the health care provider or system of care.
Subjects
The study period was between January 2010 and December 2011. The target population consisted of all registered patients aged !18 years old and with confirmed diagnosis of hypertension. With a proportion difference of (25.0%-20.0%) for hypertension control rate, 13 we estimated that a minimum sample size of 1504 in each city was needed to generate a 95% confidence interval (CI) and 90% statistical power. We then aimed to obtain 400 patients from each CHC for the current study. We excluded patients who had passed away or moved out of the catchment area of the CHCs.
Data Collection
Employing a systematic sampling method, we selected participants from all the eligible hypertensive patients with a random start. Using a computerized abstraction form, trained abstractors commenced data extraction from the electronic information system. Data included all BP measurements performed between January 2010 and December 2011, all drugs prescribed, dates on which follow-up was conducted, and initiatives on lifestyle modification. In addition, patient information was collected, including sex, age, height, weight, complications (including cerebrovascular disease, heart disease, and kidney disease), family history (ie, hypertension, diabetes, stroke, coronary heart disease), smoking status, alcohol drinking, and exercising habits. The collected data were recorded in such a manner that the corresponding patients could not be identified.
Quality of Care Indicators for Hypertension
We assessed the quality of hypertension management by obtaining the recorded results on 7 indicators, including 6 care process indicators and 1 intermediate outcome indicator. The indicators were selected on the basis of a review of scientific
Box 1. G-CHCs in Shanghai and H-CHCs in Shenzhen
In China, owing to socioeconomic variations across different urban regions, the local implementation of primary care has led to the emergence of 2 major models of CHCs, that is, government-managed CHCs (G-CHCs) and hospital-managed CHCs (H-CHCs). Shanghai and Shenzhen are 2 metropolitan cities in China with similarly good economic development but having different models of primary care. CHCs in Shanghai are government managed, fully public-funded, and independent from public hospitals. The government assumes full responsibility in supporting and promoting CHCs' development. Both local and municipal governments directly allocate funding to the CHCs and supervise their operations. Separation of revenue and charges scheme has been introduced. CHCs are nonprofit in operation. CHCs in Shenzhen are established and operated directly by public hospitals. Though the CHCs in Shenzhen are public, they have to earn most of their own revenue by providing services, similar to public hospitals. The hosting hospital plays an important role in the financing aspects, management, and supervision of their hosted CHCs. H-CHCs also receive a significant amount of government funding for preventive activities, but this is often diluted within a large financing pool of their holding hospitals. The different management pattern of CHCs leads to variations in practice. G-CHCs are often bigger in size but offer more health care services to patients than HCHCs. Out-of-pocket payments account for a much higher proportion of the total revenue of CHCs in Shenzhen than those in Shanghai.
literature, availability of data from hypertension management records, and indicators suggested by guidelines from various countries. 2, [14] [15] [16] [17] The process indicators included patient counseling for nonpharmacological hypertension management (indicators 1-4, covering the importance of lifestyle modification in the management of hypertension), drug treatment (indicator 5, referring to the prescription of at least 1 medication during the study period), and intensity of follow-up (indicator 6, reflecting the importance of regular monitoring of hypertensive patients to control the disease). The outcome indicator (indicator 7) was the hypertension control (Box 2).
The records under assessment covered a period of 12 months, which began from the date of the first coding in 2010. Performance relating to each care process indicator was determined by a patient's eligibility for an indicator and whether he/she received the indicated care. We considered that the patient had received the indicated care if the patient was recommended advice on smoking cessation, alcohol intake reduction, increasing physical activity, and low-sodium diet, and prescribed antihypertensive drugs at any individual followup during the study period. According to the national guidelines for hypertension management, the patient should be followedup at least 4 times in a period of 12 months with the interval of any 2 consecutive follow-ups not exceeding 3 months. Hypertension control rate was calculated as the proportion of all patients with BP <140/90 mm Hg for those aged <65-year, whereas with BP <150/90 mm Hg for those aged !65-year. For each patient, we used the BP values coded in the latest follow-up visit during the study period to measure BP control.
Statistical Analysis
The missing values were <3% for all variables. Because removal of missing values from analysis resulted in a loss of information, we used mode theory to replace the missing values for categorical variables, whereas filled means for the continuous variables. We first used the x 2 tests to compare the differences in the process and outcome quality of hypertensive care between the 2 cities. Then binary logistic regression models were constructed to compare indicators between the 2 cities after controlling for all patient characteristics including sex, age, body mass index (BMI), complications, family history, smoking status, alcohol drinking, and exercising habits. To evaluate the association of process indicators with BP control, we developed binary logistic regression models with all patient characteristics (the same as those above), all care process indicators (ie, advice on smoking cessation, alcohol intake reduction, increasing physical activity, low-sodium, regular follow-up, drug treatment), as well as the city (ie Shanghai vs Shenzhen) as covariates. For all tests conducted in the study, a P value of <0.05 was adopted as the statistically significant level. All analyses were performed using SPSS19.0 (international business machines Corporation, New York, USA). 
Ethical Approval
RESULTS
A total of 3196 patients' records were assessed, with 1596 from Shenzhen and 1600 from Shanghai. A higher proportion was female (53.2%), and the majority was aged 65 years or younger (59.4%). More than half of the patients were overweight (58.4%) and did not have any complications due to hypertension (64.2%). Approximately 42.2% patients had a family history of hypertension and related diseases (namely diabetes, stroke, and coronary heart disease). Most of the patients were nonsmokers (84.0%) and nondrinkers (84.4%). Around one-third (34.7%) did exercise regularly. There was significant heterogeneity between the 2 cities in terms of all patient characteristics except for alcohol drinking habits. (Table 1) After adjusting for patient characteristics, patients from Shenzhen were more likely to receive advice on smoking cessation (7.7 vs 33.8%, P < 0.001), increasing physical activity (16.8 vs 52.4%, P < 0.001), low-sodium diet (64.1 vs 72.0%, P < 0.001), and regular follow-up (8.6 vs 37.8%, P < 0.001), whereas less likely to receive drug prescriptions (95.2 vs 74.2%, P < 0.001) when compared with those from Shanghai. The hypertension control rate was not significantly different between the 2 cities (83.2 vs 76.3%) ( Table 2 ). However, when care process indicators (including advice on smoking cessation, alcohol intake reduction, increasing physical activity, lowsodium, regular follow-up, and drug treatment) were also included in the multiple regression models, it was found that the hypertension control rate was higher in Shanghai than in
Box 2 Quality of Care Indicators for Hypertension
Classification
Description of Indicators Process indicators 1.
The hypertensive patients who smoke, whose notes contain a record that smoking cessation advice has been offered The hypertensive patients who have been recommended the following (2-4) lifestyle modification initiatives for treatment of hypertension at least once 2.
Alcohol intake reduction 3.
Low-sodium diet 4.
Increased physical activity 5.
Drug treatment of hypertension, defined as the prescription of at least 1 medication during the study period 6.
Whether the patient has a regular follow-up BP test, ie, at least once per 3 months Outcome indicator 7.
Whether hypertensive patients aged 18 and above in whom the latest BP reading is <140/90 for those aged <65 years, whereas <150/90 mm Hg for those aged !65 years Shenzhen (odds ratio 1.711, 95% CI 1.311-2.235) ( Table 3 ). Subgroup analyses with hypertensive patients being stratified by age (ie, 65-year as the cut-off) showed similar findings (data not shown). The subjects whose BP was under control were more likely to have received advice on increasing physical activity (21.8 vs 37.8%, P < 0.001), low-sodium diet (51.1 vs 72.3%, P < 0.001), drug prescriptions (73.6 vs 87.6%, P < 0.01), and regular follow-up (10.6 vs 26.3%, P < 0.001) than those whose BP was not under control (Table 3) . After adjustments were made for patient characteristics and the study location, these significant differences still remained.
DISCUSSION
Our study found that the proportions of hypertensive patients who received advice on smoking cessation, increasing physical activity, low-sodium diet, and regular follow-up were higher in Shenzhen than in Shanghai. However, the drug treatment rate in Shenzhen was lower than that in Shanghai. The hypertension control rate in Shanghai was higher than that in Shenzhen when care process indicators were controlled in multiple regression models, although separate regression analysis without controlling care process indicators as covariates showed no significant difference between the 2 cities. It was indicated that better performance in the hypertensive care process, as assessed by process quality indicators, was associated with better BP control.
The higher nonpharmacological treatment rate and the more frequent follow-up of hypertensive patients in Shenzhen than that in Shanghai might be due to the heavier workload encountered by doctors in Shanghai than those in Shenzhen. Previous studies have found that lack of consultation time might impair the ability of health care providers to follow guidelines. 18 In both cities, CHC doctors are responsible for provision of both medical and public health services. Although there are usually more doctors in CHCs in Shanghai than in Shenzhen, the workload of doctors in Shanghai is usually heavier than that in Shenzhen. 19 Consequently, the time spared to each hypertensive patient is limited, and regular services such as smoking cessation advice and counseling on physical activity might be neglected in Shanghai.
Patients received more antihypertensive drugs in Shanghai compared with those in Shenzhen, which is possibly due to the higher availability of these drugs in Shanghai. The Essential Medicines Scheme has been implemented in both cities that CHCs have to prescribe drugs only within the list of essential medicine. The local government can make an adjustment of the list by adding more medicines. We found that >40 types of antihypertensive drugs were available in Shanghai's CHCs, whereas only 8 in Shenzhen's CHCs. This may reflect that Shanghai has more aging population so that the local essential medicine list contains more antihypertensive drugs. Different health insurance schemes might be another health system factor contributing to the differences in the drug treatment rate between the 2 cities. Previous studies have shown that insurance is associated with improved hypertension treatment and medication adherence. 20 In Shanghai, health insurance coverage was almost universal among CHC users, but it was only about 60% in Shenzhen. Furthermore, it was reported that increased copayments were associated with reduced antihypertensive drug treatments and adherence to medications. In Shenzhen, there is reimbursement constraint for those under Medical Insurance Scheme for Migrant employees. The patients covered by this scheme could get a maximum total reimbursement amount of RMB 800 per year, which might result in patients seeking health care primarily for acute problems. 21 Beliefs about consequences of taking antihypertensive drugs by patients and health care providers might also be 1 possible explanation of this observation. Our study found that patients in Shenzhen were younger and less likely to have complications than those in Shanghai. CHC doctors might perceive that their BP is more manageable through lifestyle modification initiatives when pharmacological therapy is not perceived as a ''given.'' 13 On the other hand, patients are also reluctant or unwilling to commence antihypertensives when their BP is marginal and clinically asymptomatic. 22, 23 Additionally, in Shenzhen, the reported discrimination by health care providers against migrants might influence acceptability of medicines. 24 The higher BP control rate in Shanghai than in Shenzhen might be due to the higher drug treatment rate in Shanghai than that in Shenzhen. Previous studies found that drug treatment rate is better among elderly patients, which usually translate into better control of BP. 25 Our study found that about 76% of patients from Shanghai were >60 years old with the rest being older than 45-year. However, in Shenzhen, more than two-thirds of patients were younger than 60 years with about half of them being younger than 44 years. It should be noted that the significant difference in the BP control rate between the 2 cites was eliminated when care process indicators (including advice on smoking cessation, alcohol intake reduction, increasing physical activity, low-sodium, regular follow-up, and drug treatment) were removed from multiple regression models. This suggests that the process of hypertensive care delivery may have a direct impact on BP control. Because the distribution of process indicators was different among the participants from the 2 cities, the estimates of BP control rates differed between multiple regression analysis results with and without controlling these variables.
One interesting finding was that the BP control rate was only about 7% higher in Shanghai than in Shenzhen, whereas drug treatment rate in Shanghai was about 21% higher than that in Shenzhen. This is possibly because the patients in Shenzhen y Multiple logistic regression analysis with all patient characteristics (except for alcohol drinking habits), care process indicators, as well as city as covariates. ÃÃ P < 0.01. ÃÃÃ P < 0.001. are young; they may have transiently elevated BP at an earlier occasion, which may have spontaneously returned to normal. In addition, they may change to a healthier lifestyle, resulting in the detection of achieved BP target in the absence of drug therapy. On other hand, patients in Shanghai tended to be older and having comorbidities, resulting in difficulties in achieving the target BP level attributed to reasons like poor adherence to drug treatments.
The current literature showed mixed views regarding the relationship between the management pattern of CHCs and hypertension control. A study in 29 cities across China showed that hypertension control rate was similar among the 3 models of CHCs, that is, G-CHCs, H-CHCs, and privately owned CHCs. 26 However, the study conducted in Guangdong province pointed out that hypertension control rate was the highest among privately owned CHCs, followed by H-CHCs and then G-CHCs. 27 Another study identified that government-funded CHC in Guangdong was more likely to have optimal BP control, whereas privately funded CHC was less likely to achieve BP control, irrespective of whether antihypertensive drugs were prescribed. 13 The conflicting findings among different studies regarding the relationship between management pattern of CHCs and BP control might suggest that the performance of CHCs depends more on the process of hypertension management rather than the ownership of providers.
Results showed that the drug treatment rate of registered hypertensive patients was higher than that of hypertensive patients recruited from general population, whereas there were significant gaps between standards of care and medical practice in terms of nonpharmacological treatment and regular followup of hypertension. We found that about 85% of hypertensive patients received pharmacotherapy, which is similar to the rate reported by Wong et al 13 (75%), whose study was conducted with registered hypertensive patients in the Pearl River Delta region of China. 13 Our figure is much higher than that of hypertensive patients recruited from general population, among whom the drug treatment rate is <50%. [28] [29] [30] [31] In other words, the registered hypertensive patients have access to appropriate pharmacological treatment. 30 However, results showed that only about 23% of hypertensive patients received regular follow-ups. The perceived impractical features of the guidelines for management of hypertension may be 1 possible explanation of this finding. 32 Our figure is much lower than that reported by Asch et al 9 and Saxena et al. 33 The possible reason is that the follow-up interval used in our study is shorter than the ones used in other studies. In addition, our study demonstrated that nonpharmacological treatment of hypertension was documented for only a few of hypertensive patients. Shortage of staff 34 and insufficient financial incentives 23 might act as barriers to health care providers to follow the guidelines. The observations of our study supported the notion that good hypertension management guidelines often do not translate into their use in practice, although they are available to all CHCs in both cities. 35 Findings indicated that hypertension control rate in registered hypertensive patients was higher than that in hypertensive patients recruited from general population, which suggests that management of hypertension at primary care settings achieves better BP control in China. We found that about 80% of hypertensive patients had their BP under control. Our observation is consistent with a study conducted among registered hypertensive patients in 29 cities across China in 2007, which showed that the BP control rate was 74%. 26 Our figure is also similar to that reported by a British study, which showed that the BPs of about 69% of registered hypertensive patients were under control. 11 However, our figure is much higher than that among hypertensive patients recruited from general population. The 2002 National Hypertension Survey in China showed that 23% patients with hypertension were aware of it, 17% were on treatment, and only 4% had their BP under control. 36 Another study used data from the China Health and Retirement Longitudinal Study of Chinese people aged 45 years or older, showed that >40% of the individuals found to have hypertension were unaware that they were hypertensive, more than half were not receiving any form of antihypertensive medication, and <20% were controlling their hypertension well, 30 whereas the awareness, treatment, and control rates of hypertension in more developed countries were much higher than that in China. A study by Guo et al 37 with a nationally representative sample of the noninstitutionalized US population (National Health and Nutrition Examination Survey) reported that in the study period 2009 to 2010, hypertension awareness and treatment rates were 81% and 74%, whereas control rate was 53%. In Canada, approximately 83% patients with hypertension were aware of it with 80% and 66% being treated and controlled, respectively. 38 Given that hypertension can be controlled at low cost, there is no good reason why hypertension in China cannot be managed as well as hypertension in other, more developed countries. Studies have found that the individuals who know they are hypertensive have access to appropriate treatment, and many of the registered individuals who are receiving antihypertensive drugs appear to be under effective control. 30 Therefore, our study suggests that the big difference in terms of hypertension control between registered hypertensive patients and general population is the extent of awareness and treatment. As community-based primary care becomes increasingly available and affordable in China, 39 the effective management of hypertension largely becomes a case identification problem, as well as a participation problem in China.
Patients with controlled BP received more of the indicated process care than did patients with uncontrolled BP, suggesting a relationship between process and outcome of hypertensive care. Previous studies have also indicated the positive relationship between control of BP and lifestyle modifications, drug prescription, and regular follow-up. 9, 40 Linking process and outcome are an important goal of quality of care assessment. 40 Such linkages imply that the process measures truly capture the quality of care and that as a result, changes in performance may be expected to improve outcomes. 41 However, the cross-sectional nature of these studies, including the current one, warrant further investigations to establish the causal inferences between process and outcome of hypertensive care.
Studies have documented the advantages of the use of indicators to provide feedback for quality improvement initiatives and regulation. 42 The recent health care reform plan in China reaffirmed the key role of primary care in managing chronic diseases, and consequently a strong primary care is urgently needed. 43 Our study may help policymakers to formulate quality improvement programs most likely to improve BP control and avoid adverse outcomes. 44 For CHCs in both cities, passive dissemination of hypertension management guidelines rarely induces the expected changes in doctors' behavior. Policymakers need to engage in active programs to educate and promote changes in doctors' behavior. Previous studies suggested that assessment of hypertension management might be an effective approach of such a strategy. 45 Moreover, doctor's workload should be appropriate for quality hypertensive care provision. The staffing standards of a CHC need to be updated according to the total designed 6 integrated health services delivered by the CHC. Furthermore, drug availability should be enhanced. Studies showed that patient determinants were highly relevant to the pharmacological treatment of hypertension. 46 Therefore, we need to determine the types of antihypertensive drugs provided by CHCs not only depending on health professionals' opinions, but also considering the drugtaking habits of patients, as well as their preferences.
The limitations of this study should be addressed. First, the representativeness of the CHCs might be limited, because only 8 CHCs were chosen as study settings. To make the results more representative, we used random sampling methods to select CHCs. Secondly, caution should be taken when applying the results at city level because only 4 CHCs were selected in each city. Additionally, we did not include hypertensive patients not under the CHC management. Thirdly, the information system did not contain information on insurance, household income, education, and employment status, which are potential confounders influencing service delivery and outcome measures. Thus, no adjustment for these factors is possible. In addition, the lack of information on the duration of hypertension and severity of complications might introduce case-mix bias. Besides, unavailability of the information on the etiology of hypertension (ie, primary or secondary hypertension) made it impossible to perform stratification analysis based on classification of hypertension. Fourth, due to unavailability of the information on whether or not the patients were diabetic, we did not include the target BP for patients with diabetes (<130/80 mm Hg) as suggested by some guidelines. 47 This may result in an overestimated BP control rate in both cities especially in Shanghai.
CONCLUSIONS
In conclusion, community-based primary care is shown to be effective in managing hypertension, although primary care facilities (ie, CHCs) are in different management and operation models. Our study suggests that improvements in the process of hypertensive care including physical activity advice, lowsodium diet advice, regular follow-up, and drug prescription may lead to better BP control, whereas care process can be improved through enlarged health insurance coverage, reduced copayments, as well as increased supply of doctors and antihypertensive drugs.
